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Lassa (LAS) fever virus is a highly pathogenic arenavirus with large (L) and small (S) RNA genomic segments. The 5* end
of the LAS L segment is described here, thereby completing the sequence of the most virulent arenavirus analyzed to date.
In keeping with the ambisense gene structure of the arenaviruses, the LAS L RNA encodes a 250-kDa protein and an 11-kDa
protein in opposite senses with respect to each other. The 11-kDa protein, defined previously in arenaviruses lymphocytic
choriomeningitis (LCM), Tacaribe (TAC), and Pichinde (PIC), contains a RING type of zinc-binding structure. Expression of the
11-kDa protein in LAS virus-infected cells has been confirmed by binding to peptide-specific antibody. q 1997 Academic Press
INTRODUCTION sorbtion of Lassa virus nucleocapsids (Auperin et al.,
1986; Lukashevich et al., 1984, 1988).
Lassa (LAS) fever virus is a highly pathogenic member
Initially, direct sequence analysis of total RNA fromof the Arenaviridae that is endemic to West Africa (McCor-
virus-infected cell cultures was employed as describedmick, 1987). Similar to other arenaviruses, LAS virus is
for the related arenavirus, lymphocytic choriomeningitiscarried by rodents, and becomes a health problem when
virus (LCMV; Salvato et al., 1989); however, clear se-rodents and human beings are in frequent contact (ter
quence was not obtained by this method because ofMeulen et al., 1996). Complete RNA sequence has been
the low proportion of virus RNA in the LAS-infected cellpublished for arenaviruses Tacaribe and LCMV, for the
extracts. Direct sequence analysis was successful, how-small (S) RNA of LAS virus, and for the large open reading
ever, using purified viral RNA.frame of the LAS RNA-dependent RNA polymerase (L pro-
Conventional cDNA cloning techniques were used totein or RdRp) (see Refs. in Lukashevich et al., 1997). Here
obtain the 3* end of the LAS L RNA; termini-specificwe describe the overall structure of the LAS L RNA and
(CGCACAGTGGATCCTAGGC) and random primers werepresent evidence for expression of an 11-kDa gene prod-
described (Auperin et al., 1986; Lukashevich et al., 1997).uct from the 5* end of the L segment. The 11-kDa protein
Initial attempts to clone cDNA from the intergenic regionhas been characterized in LCMV as a zinc-binding protein
and the 5* end of the L RNA employed specific primers(Z protein) (Salvato and Shimomaye, 1989; Salvato, 1993),
and tailing of first-strand cDNA with either GTP and termi-and in Tacaribe as a possible participant in viral transcrip-
nal transferase or with a ligated primer [as described bytion (Garcin et al., 1993).
Meyer and Southern (1993)]. We also ligated the viral
RNA to itself with T4 RNA ligase and employed specificMATERIALS AND METHODS
primers from within known L RNA sequence to obtain
LAS virus (Josiah strain) was propagated in high con- the 5* end. Several hundred cDNA clones were obtained
tainment facilities at the Centers for Disease Control (At- containing S RNA, rRNA, and nonviral RNA sequences,
lanta, GA) and the Belarusian Research Institute of Epide- but no 5* L RNA sequences. To isolate a more specific
miology and Microbiology (Minsk, Belarus). Virus was RNA template, LAS L RNA was obtained by preparative
purified in discontinuous Urografin gradients (Lukashev- sucrose density gradient centrifugation as described (Lu-
ich et al., 1984). Virion RNA was separated from purified kashevich et al., 1984).
virions or cell lysates by phenol extraction after immuno- Purified LAS L RNA (0.9 mg) was decapped with to-
bacco acid pyrophosphatase and circularized with T4
RNA ligase (both from Epicentre Technologies, Madison,1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (608) 262-9148. E-mail: msalvato@facstaff.wisc.edu. WI) overnight at 157 as described (Mandle et al., 1991;
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FIG. 1. Analysis of cDNA from circularized Lassa L RNA. (A) Primers specific to the 5* and 3* ends of LAS RNA, P1 and P2, were used to make
a 1.7-kb junction cDNA, which was amplified by nested PCR with primers P3 and P4. cDNA synthesis employing random primers and cDNA
synthesis without nested PCR were unsuccessful. (B) Agarose gel with ethidium-stained RT-PCR products. Gradient-purified LAS L RNA was a
much better template for the 1.6-kb junction fragment than total viral RNA. Thus lanes 1 and 2 are products of total viral RNA, lanes 3 and 4 are
products of gradient-purified L RNA, lane 5 is a negative control containing RT-PCR of uninfected cell RNA, and lane M contains DNA size markers.
Lanes 1 and 3 are nested products starting with 1 ml of the primary PCR reaction; lanes 2 and 4 are nested products starting with 1/10 ml of the
primary PCR reaction.
Meyer and Southern, 1993). Phenol-extracted RNA was ogies). Sequence data were analyzed using MacVector
Software. RNA structure was predicted using the MFOLDincubated in 17 ml diethylpyrocarbonate-treated water at
377, 2 min with 50 picomoles of primer, then chilled on program of the GCG software package (Genetics Com-
puter Group, Inc., Madison, WI).ice, and used for cDNA synthesis (Fig. 1a). First-strand
cDNA synthesis was 45 min at 487 in 50 ml 11 RT-PCR The open reading frame of an 11-kDa protein could be
predicted from the sequence and was used to design syn-buffer (Access RT-PCR system, Promega) containing ad-
ditional 0.2 mM dNTP, 1.5 mM MgSO4 , 5 U AMV reverse thetic peptides. A peptide from the C terminus (PLPTKLRPS-
AVQQHLQPEQRTASDPHPYSP) was synthesized (Genosystranscriptase (RT), and 5 U Tfl DNA polymerase. Second-
strand cDNA synthesis employed 35 cycles of PCR: 947 Biotech, TX) and used to raise monospecific sera in rabbits.
Lysates from Ebola, LAS, Machupo virus-infected monkeyfor 2 min, 607 for 1 min, and 687 for 2 min. Primers P1
(1512GTCCTTCACGTGGTTTCCAC1531) and P2 (7098TGA- kidney (Vero E6) cells, and uninfected Vero cells were frac-
tionated on a 12.5% SDS–polyacryamide gel. The proteinsCACAGGCTATGTCTTCCTC7119) were employed in the
primary reaction. One (or 0.1) microliter of this reaction were electrophoretically transferred to a nitrocellulose
membrane using Ellard Instrumentation LTD-apparatus.was subjected to nested PCR using primers P3 (1491CAC-
ACAAGACATCAGTTCCAGAGG1514) and P4 (7217GAC- The membrane was blocked in Tris-buffered saline (TBS;
20 mM Tris–HCl, pH 7.5, 0.15 M NaCl) containing 5% milkACAAGAGGCAATTAAAG7236), recognizing sequences
1500 bases from the 5*-end and 100 bases from the 3*- for 30 min at 257. The blocking solution was then replaced
with a 1:500 dilution of monospecific antisera in blockingend and yielding a fragment of 1.6 kb (Fig. 1a). PCR
products were separated on 1% agarose gels and glass- solution and incubated for 2 hr at 257. The nitrocellulose
membrane was washed three times for 20 min in TBSbead eluted.
The full-length 1.6-kb cDNA fragment was not cloned, containing 0.02% Tween 20 and incubated with a 1:5000
dilution of alkaline-phosphatase-conjugated goat anti-rab-even after repeated attempts using an Escherichia coli
RecA RecB strain (SureII, Stratagene) to minimize rear- bit-IgG (Sigma) for 2 hr at 257. The immunological com-
plexes were detected by the standard colorimetric systemrangements. The 1.6-kb cDNA (Fig. 1b) often appeared
as a 0.8-kb insert in recombinant plasmids (not shown). for alkaline phosphatase-conjugated antibodies (Sigma;
Fig. 5).Consequently, the 1.6-kb fragment was cut asymmetri-
cally with Sau3AI/BamHI, or TaqI/BamHI and maintained Genbank Accession No. U73034 contains the entire
LAS L RNA.as subclones in the BamHI and AccI sites of pGEM4Z
(Promega). Sequence obtained from the subclones was
RESULTS AND DISCUSSIONconfirmed by direct sequence analysis of the uncloned
1.6-kb cDNA, using the fmol Sequencing System (Pro- The complete Lassa fever virus L segment is 7279
nucleotides and contains 60% AU and 40% GC. Likemega) and the SequiTherm Cycle kit (Epicenter Technol-
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FIG. 2. Predicted ‘‘panhandle’’ structure of the cDNA obtained from circularized LAS L RNA. Cloning of the 1.6-kb junction fragment in its entirety
was unsuccessful due to deletions within recombinant plasmids during passage in E. coli. The arrow marks nucleotides 25 and 7261 at the position
of the most frequent deletions. Dots indicate nucleotide number.
the arenavirus S RNA species (Auperin et al., 1984a; at high temperature to sequence through the termina-
tions (Shimomaye and Salvato, 1989). This reaction isClegg and Oram, 1985), the L RNA exhibits an ambi-
sense coding strategy (Fig. 3). The 3* portion has a inefficient and requires large amounts of viral RNA (ap-
proximately 15 mg per reaction) which were difficult tolarge open reading frame (L protein ORF encoding
2218 amino acids) in the genome-complementary obtain for LAS virus. LAS virus-infected cells generally
yield less virus than LCMV-infected cells. The optimumsense (Lukashevich et al., 1997). The region (bases
366 – 465) between the large and small ORFs repre- strategy for sequencing the termination region with small
amounts of RNA was to self-ligate 1 mg LAS L RNA,sents a highly base-paired intergenic region (Tm 
83.57, determined by MFOLD, GCG). followed by high temperature reverse transcription, fol-
lowed by nested PCR, followed by DNA sequencing. RNADirect sequence analysis of LCMV and LAS virus L
RNA was problematic due to premature termination of secondary structure predictions for both LCMV and LAS
virus reveal some small hairpins at the end of the poly-reverse transcription approximately 1 kb from the 5* end.
In the case of LCMV, we used AMV revere transcriptase merase gene that could contribute to the observed tran-
FIG. 3. Comparison of structures for the large genomic segments of arenaviruses. Boxes represent the 5* noncoding, intergenic, and 3* noncoding
regions. Numbers indicate nucleotide length of each region. Z is the ORF for an 11-kDa RING finger protein and L is the ORF for the 250-kDa
protein. The arrows indicate the direction of translation. (LAS sequence, this paper and Lukashevich et al., 1997; LCM, Refs. Salvato et al. (1989)
and Salvato and Shimomaye (1989); TAC, Refs. Iapalucci et al. (1989a and b); PIC, Harnish, Zheng, and Polyak, unpublished data).
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FIG. 4. Conservation of Z protein sequence among arenaviruses. The arenavirus Z genes encode a single C3HC4 RING-finger motif; C (cysteine)
and H (histidine) are in bold letters. Numbers indicate amino acid positions in the Z proteins. LCM sequence was taken from Salvato and Shimomaye
(1989), TAC sequence from Iapalucci et al. (1989b), and PIC sequence from Harnish, Zheng, and Polyak, unpublished data.
scription stops. However, we suspect that these hairpins X2 positions, but again there are no homologies to the
LCM ORFs. Thus, it is unlikely that the arenaviruses har-have additional features such as nucleotide modifica-
tions or pseudoknot structures that increase the stability bor additional genes beyond those already defined by
the NP, GP, L, and Z ORFs.of the RNA structure.
The sequence of the 5* and 3* ends confirms that the The Z ORF encodes 99 amino acids in the genomic
sense from nucleotides 66 through 365 (Fig. 3). The pre-Lassa L RNA termini are complementary (Fig. 2). The
termini of LAS, LCM, and TAC viruses all form a con- dicted protein contains a single C3HC4 RING motif at
residues 31–67, originally found in the human ring 1served 19 nucleotide ‘‘panhandle,’’ base-paired but for
one or two mismatches. A similar observation has been gene, and described as CX2CX(9-27)CX(1-3)HX2CX2CX(4-48)-
CX2C, where X can be any amino acid and C and Hmade for the termini of arenavirus S genomic segments
(Auperin et al., 1984a and b; Bishop and Auperin, 1987; are cysteine and histidine, respectively (Freemont, 1993;
Lovering et al., 1993). The RING is a type of zinc-bindingClegg and Oram, 1985; Romanowski et al., 1985).
Sequence analysis of LCM virus revealed four small structure that binds two zinc ions. In the few cases stud-
ied, coordination of zinc between cysteine and histidineORFs on the 5* end of the L segment: Z, X1, X2, and X3
(Salvato and Shimomaye, 1989). To date, only the Z ORF residues is necessary to mediate association between
the zinc-binding protein and other proteins (Lovering ethas been associated with a viral gene product (Salvato
and Shimomaye, 1989; Salvato et al., 1992). The LAS, al., 1993; Borden and Freemont, 1995). It has been shown
that the 11-kDa ‘‘Z’’ protein of LCMV binds zinc (SalvatoTAC, and PIC sequences in this region share only the Z
ORF, with no ORFs exactly like X1, X2, or X3. LAS has and Shimomaye, 1989), but no similar studies have been
performed with the Lassa gene product.two small ORFs (50 and 47 amino acids) in the location
of LCM X2 and X3, and a 100-residue ORF in the location The Lassa Z protein bears 67.4/51.7% amino acid simi-
larity/identity to the 11-kDa Z protein of LCM (Fig. 4). TACof LCM X1; none have peptide homologies to the LCM
1 ORFs. TAC has a 62-residue ORF in the X1 position, and PIC Z proteins have less similarity/identity with LAS
Z, 55.3/41.2% and 58.4/41.6%, respectively. A similar rela-and PIC has a 53- and a 64-residue ORF in the X1 and
tionship exists for the arenavirus L proteins in which LAS
is more closely aligned with LCM than with either PIC
or TAC (Lukashevich et al., 1997).
To confirm that LAS virus produces an 11-kDa Z pro-
tein, extracts from Vero E6 cells that had been infected
with the virus were immunoblotted and probed with anti-
bodies prepared against the C terminal domain (Fig. 5).
The antiserum specifically recognized a prominent 11-
kDa protein in extracts from cells that had been infected
with the LAS virus (Fig. 5, lane 2) but not in extracts
from uninfected cells (lane 3), cells infected with another
arenavirus, Machupo (lane 4), or cells infected with an-
other hemorrhagic fever virus, Ebola (lane 1). The func-
tion of the 11-kDa Z protein in the pathology of the arena-
viruses is unknown. If it proves similar to other proteins
FIG. 5. Expression of an 11-kDa protein in Lassa virus-infected cells. with the RING structure it will act through binding other
A Western blot was probed with a polyclonal antibody raised against proteins rather than through binding nucleic acids (Bor-
the C terminus of the 11-kDa protein as described under Materials and
den and Freemont, 1995).Methods. Lane 1, Ebola-infected Vero cells; lane 2, LAS virus-infected
Vero cells; lane 3, uninfected Vero cells; and lane 4, Machupo-infected
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